Abstract -Spectral color imaging is becoming more and more important in many applications. At the same time, the problem of economic and security for spectral images are attracting a great deal of attention. Spectral color imaging allows separation of the object reflectance and illumination. In this paper, joint operation of watermarking and illumination is studied. The robustness of watermarking methods based on the PCA-SVD and pure PCA are analyzed and compared under different illumination conditions. Experiment results have been presented, which show that the method based on PCA-SVD is more robust to different illumination conditions.
I. INTRODUCTION
Spectral color imaging is becoming more and more important in digital image analysis and machine vision applications as the color of an object is represented more accurately than in traditional three-channel RGB images. Spectral imaging has various applications in remote sensing and can now be used in industrial applications including quality control, exact color measurement, and color reproduction [1, 2] . In comparison to RGB images with three bands, spectral images have many bands. Thus, spectral images have higher data dimensionality compared to regular RGB images. A watermarking technique especially designed for spectral images can utilize the high dimensionality of spectral images and would, therefore, have advantages over application of RGB or grayscale watermarking techniques to spectral data. Several watermarking techniques have been developed for spectral images [3] [4] [5] [6] [7] .
Spectral imaging allows separation of the object reflectance and illumination. A reasonable approach for a spectral image database provider is to keep the reflectance data and then add the illumination required by the client. In this study, the joint operation of watermarking and illumination is considered. We considered three scenarios: illumination before watermarking, illumination after watermarking performed by the database owner, and watermarking bfore illumination by the client. In the first two scenarios the illuminatieon was added by the spectral image database provider. The third case is different from the previous two: the illumination is added by the client, and now the database provider is not aware of the light model used by the client. The client has the watermarked image available and she can modify it through illumination for her applications. Ref 7 reports a watermarking algorithm based on PCA and SVD. In addition, the resulting watermarking scheme is still more robust than the pure PCA approach to different illumination conditions. 
II. EMBEDDING AND EXTRACTING
Let Ω be the set of the spectral vectors The watermarking procedure follows the method described previously [7] . Embedding 1) Apply SVD to the visual watermark image W , resulting in: 
where the coefficients e α and w α control the strength of the embedding. 5) Obtain the modified eigenimage: 
where k s 's are the eigenvectors obtained in step 2).
Note that naturally the watermarked spectral image differs from the original image. The difference between these images depends on the strength e α and w α in the watermark embedding according to eq. (8) . The strength balances between properties like robustness, invisibility, security and false-positive detection of the watermark. The selection of a band or the integer ' k in step 3) affects the visibility of the watermark in the watermarked image and the quality of the reconstruction of the watermark image against possible attacks. It is clear that the smaller is the ' k , the more visible the watermark will be. On the other hand, the larger is the ' k , the lower resistance against attacks. Extraction 
III. ILLUMINATION
The spectral image database provider stores the reflectance or radiance spectra of the images. Depending on the client's requirements, the effects from illumination can be added to the spectra, i.e., the viewing conditions change the perceived color of the spectrum. External illumination can be compensated through convoluting the spectra of the image with the spectrum of the illuminant. A standard set of light sources was used to illuminate the spectral images: A, B, C, D50, D65, F2, F8, F11 [9] .
IV. SIMULATIONS AND COMPARISON
In this section, the robustness of watermarking based PCA-SVD and pure PCA to different illumination conditions are compared. In this experiment ' k was fixed to a value 10 for both methods. For a fair comparison, the strength parameter for each method was adjusted so that the difference between the original and watermarked spectral images measured in terms of SNR computed is approximately equal to a given value [7] . Experiments were performed on a spectral image of natural scenes from [8] . Inlab2 was selected (see Fig. 1 ). The color reproduction is done using CIE XYZ basis function with D65 light model. Inlab2 image have the following dimensions: 256x256 pixels with 8 bit resolution, and 31 spectral components per each pixel. Images were captured by a CCD (charge coupled device) camera in a 400-700 nm wavelength range at 10 nm intervals. The image selected was taken indoor (in a controlled environment, i.e. dark-lab or glass-house). The watermark was an 8 bit grayscale image having 256×256 in spatial dimension. The watermark image used in this experiment is shown in Fig. 1 . In this section we consider the joint operation of the illumination and the watermarked image. Three scenarios for the illumination and watermarking were considered. In Scenario A, the illumination was added before the watermarking, in Scenario B and Scenario C the illumination was added after the watermarking. Details of all the practical scenarios are:
Illumination Before Watermarking by the Spectral Image Database Provider The original spectral image is multiplied by the illumination vector, and then watermarked, and then the resulting image is compressed. The watermark is extracted from the reconstructed image and compared to the original watermark. The SNR was calculated between the illumination image and the watermarked image (SNR=33.42 dB for illuminant A, 34.30dB for illuminant D65, 34.30dB for illuminant F11 . The correlation coefficient and RMS error (vertical axis) between W and ) (r W versus the compression ratio (horizontal axis) are shown in Figs. 2 and 3 , respectively. The curve marked with "*" corresponds to the proposed method and the curve marked with "o" corresponds that to the pure PCA approach. It can be seen from Fig.2 , that the curve marked with " *" is much higher than the curve marked with "o" telling us that for each of the chosen compression ratios, the correlation coefficient for the proposed method is higher than that for the pure PCA approach. Figure 3 shows that the RMS error curve of the proposed method is always located below that of the pure PCA. Both measures show the proposed method is more robust than the pure PCA method.
Illumination After Watermarking by the Spectral Image
Database Provider The original spectral image is watermarked, and then multiplied by the illumination vector, and then the resulting image is compressed. The watermark is extracted from the reconstructed image and compared to the original watermark. Now the embedding does not depend on the illumination. The SNR was calculated between the illumination image and the watermarked image (34.20dB for all illuminants). The correlation coefficient and RMS error (vertical axis) between W and ) (r W versus the compression ratio (horizontal axis) are shown in Figs. 4 and 5 , respectively. The curve marked with "*" corresponds to the proposed method and the curve marked with "o" corresponds that to the pure PCA approach. It can be seen from Fig.4 , that the curve marked with " *" is much higher than the curve marked with "o" telling us that for each of the chosen compression ratios, the correlation coefficient for the proposed method is higher than that for the pure PCA approach. Figure 5 shows that the RMS error curve of the proposed method is always located below that of the pure PCA. Both measures show the proposed method is more robust than the pure PCA method. Figs. 6 and 7 , respectively. The curve marked with "*" corresponds to the proposed method and the curve marked with "o" corresponds that to the pure PCA approach. It can be seen from Fig.6 , that the curve marked with " *" is much higher than the curve marked with "o" telling us that for each of the chosen compression ratios, the correlation coefficient for the proposed method is higher than that for the pure PCA approach. Figure 7 shows that the RMS error curve of the proposed method is always located below that of the pure PCA. Both measures show the proposed method is more robust than the pure PCA method.
V. CONCLUSIONS
Spectral color imaging is becoming more and more important in many applications. In this study, we considered three scenarios of illumination of watermarked spectral image. The robustness of watermarking methods to different illumination conditions based on the PCA-SVD and pure PCA has been especially compared. Simulation results have shown the method based on PCA-SVD is more robust to different illumination conditions than the method based on pure PCA. 
